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Abstract

Acute Myeloid Leukemia is an rapidly progressing blood cancer with diverse biological
behavior characterised by marked biological heterogeneity, rapid clinical progression, and a high
tendency for relapse. Although advances in molecular diagnostics and risk-adapted treatment
strategies have improved disease characterization, doctors still face major challenges in
achieving accurate prognosis, early detection of relapse, and truly individualized treatment
planning. artificial intelligence (Al), particularly machine learning and deep learning approaches,
has begun to influence oncology practice. These tools are capable of integrating large and
complex datasets, including clinical findings, genomic profiles, and laboratory parameters, to
support more refined disease classification, improved risk assessment, and better informed
treatment decisions. Al based systems also aid in recognizing clinically significant genetic
alterations such as FLT3, NPM1, and TP53, thereby contributing to the development of precision
medicine approaches. Beyond diagnosis and risk stratification, Al has shown potential in
predicting disease relapse, tracking minimal residual disease, and optimizing outcomes following
hematopoietic stem cell transplantation. Despite these promising applications, its integration into
routine clinical practice remains limited due to issues such as inconsistent data, insufficient
transparency in model interpretation, and the need for stronger external validation. Al models can
identify mutations such as FLT3 or NPM1 and link them to treatment response patterns.

Acute Myeloid Leukemia, Artificial Intelligence, Machine Learning, Deep Learning,
Precision Medicine, Risk Stratification, Genomic Profiling, Targeted Therapy, Minimal Residual
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Introduction

Acute Myeloid Leukemia (AML) is a rapidly progressing blood cancer caused by abnormal
transformation of hematopoietic stem cells, leading to uncontrolled proliferation of immature
myeloid blasts in the bone marrow and peripheral blood.(VIt remains one of the most challenging
leukemias in adults. The disease is highly heterogeneous at both genetic and clinical levels.
Patients often present with diverse cytogenetic and molecular abnormalities, which significantly
influence prognosis and treatment response. Standard management typically involves induction
chemotherapy to achieve remission, followed by consolidation therapy, and in selected high risk
cases, hematopoietic stem cell transplantation. Despite these approaches, relapse remains a major
concern, and treatment related toxicity continues to limit therapeutic success. In recent years,
artificial intelligence has begun to attract attention in oncology. ®Techniques such as machine
learning and deep learning are being explored to analyze complex clinical, genomic, and
laboratory data in an effort to support better clinical decisions. These approaches may help
improve diagnostic accuracy, refine risk stratification, and assist in selecting more personalised
treatment strategies. Against this background, this article discusses how Al is gradually
reshaping the management of AML and its potential role in advancing precision based care in
hematology.

Biological and Molecular Basis of Acute Myeloid Leukemia

Acute Myeloid Leukemia develops due to clonal transformation of hematopoietic stem cells,
resulting in uncontrolled proliferation of immature myeloid blasts within the bone marrow. This
process leads to suppression of normal hematopoiesis, causing clinical features such as anemia,
recurrent infections, and bleeding tendencies. The disease evolves through the accumulation of
multiple genetic and epigenetic alterations that disrupt normal cell differentiation and promote
survival of leukemic clones.

Role of genetic mutations

Molecular abnormalities play a central role in the development, classification, and prognosis
of AML.

FLT3 mutation is one of the most common genetic alterations in AML. It is associated
with increased leukemic proliferation and a higher risk of relapse, particularly in cases with
internal tandem duplication (ITD).

NPM1 mutation is frequently observed in AML and is often linked to a more favourable
prognosis when present without highrisk cytogenetic abnormalities.

TP53 mutation is generally associated with complex karyotype AML and indicates poor
response to standard chemotherapy, along with adverse survival outcomes.

Importance of molecular classification

AML has shifted from purely morphological classification to a more integrated molecular
approach. Genetic profiling helps in identifying biologically distinct subtypes of the disease,
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which behave differently in terms of prognosis and treatment response. This transition has
significantly improved the precision of AML diagnosis and risk assessment.

Risk stratification systems (WHO and ELN)

Modern classification systems, including the World Health Organization (WHO) framework
and the European LeukemiaNet (ELN) recommendations, incorporate cytogenetic and molecular
abnormalities to categorize patients into favorable, intermediate, and adverse risk groups.
“These systems guide therapeutic decisions, including intensity of chemotherapy and
consideration for hematopoietic stem cell transplantation.

Conventional Management of Acute Myeloid Leukemia
Induction chemotherapy -

The initial phase of treatment in Acute Myeloid Leukemia is induction chemotherapy,
The first phase of treatment focuses on inducing remission by significantly lowering
leukemic cell burden in the bone marrow. The standard regimen commonly used is the
“7+3” protocol, consisting of cytarabine combined with an anthracycline. ®Although this
approach remains the backbone of therapy, treatment related toxicity and variability in
patient response continue to limit its effectiveness, particularly in older or medically unfit
patients.

Consolidation therapy -

Once remission is achieved, consolidation therapy is administered to eliminate residual
leukemic cells that may not be detectable by conventional methods. This phase typically
involves high dose cytarabine based chemotherapy. The intensity and duration of consolidation
depend on the patient’s risk profile, including cytogenetic and molecular features. Despite its
importance in reducing relapse risk, consolidation therapy is often associated with significant
myelosuppression and hospitalization requirements.

Hematopoietic stem cell transplantation -

Allogeneic hematopoietic stem cell transplantation is considered in patients with
intermediate- or high risk disease, or in those with relapsed AML.! It offers a potential curative
option by replacing the diseased marrow with healthy donor stem cells. However, its use is
limited by donor availability, transplant related mortality, and complications.

Major challenges in conventional therapy

Despite established treatment protocols, outcomes in AML remain unsatisfactory. Relapse is
a major concern, even among patients who achieve complete remission. In addition,
chemotherapy resistance is driven by underlying genetic mutations and clonal evolution which

reduces longterm survival. Treatment related toxicity, particularly in elderly patients, further
complicates management and often limits the intensity of therapy that can be safely administered.
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Artificial Intelligence in Diagnosis of Acute Myeloid Leukemia

The diagnostic evaluation of Acute Myeloid Leukemia traditionally depends on
morphological examination of bone marrow, supported by immunophenotyping and cytogenetic
analysis. However, these processes are often time consuming and dependent on expert
interpretation, which may lead to observer variability. In this context, artificial intelligence has
emerged as a supportive tool to improve diagnostic accuracy and consistency.

Al is increasingly being used in bone marrow morphology analysis, where machine learning
algorithms help identify leukemic blasts and distinguish them from normal hematopoietic cells.
It is also applied in flow cytometry interpretation. ®These systems are trained on large image
datasets and can enhance the speed and reproducibility of morphological reporting. Flow
cytometry interpretation is another area where Al is gaining importance. By analyzing complex
immunophenotypic patterns, Al-based models can help in identifying abnormal cell populations
and classifying AML subtypes more efficiently than conventional manual gating strategies. In
addition, cytogenetic and molecular classification can be supported through Al algorithms that
integrate karyotype data and next-generation sequencing results. This helps in identifying
clinically relevant abnormalities, which are essential for risk stratification and treatment planning.

Al can also be used to explore early detection of disease patterns by recognizing subtle
changes in hematologic and genomic data that may indicate disease onset or progression before
they become clinically evident. Overall, these technologies are still in the developmental and
validation stages, they show promise in improving the diagnostic workflow of AML by
enhancing precision, reducing human error, and supporting earlier clinical decision making.

Al in Treatment Decision Making in AML

Treatment selection in Acute Myeloid Leukemia has become increasingly complex due to
its genetic and clinical heterogeneity. Traditionally, decisions were based on age, performance
status, and broad risk categories. ®However, with the growing availability of molecular data,
artificial intelligence is now being explored as a tool to support more individualized therapeutic
choices. Al systems can integrate clinical variables with genomic information to help clinicians
identify which patients are more likely to benefit from intensive chemotherapy versus less
intensive or targeted approaches. (!"This is particularly relevant in older or medically unfit
patients, where treatment tolerance is a major concern.

In AML, mutations such as FLT3 or pathways involving BCL-2 have direct therapeutic
implications.® Al-based models can assist in matching patients with appropriate targeted agents
by analyzing mutational profiles and previous treatment responses. For example, patients with
FLT3 mutations may be considered for FLT3 inhibitors, while those with dysregulated apoptosis
pathways may benefit from BCL-2 inhibition strategies.

It can be used for drug response prediction. By analyzing large datasets from previous
clinical trials and real world outcomes, machine learning models can estimate the likelihood of
response or resistance to specific therapies. This helps in avoiding ineffective treatments and
reducing unnecessary toxicity.
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Also it supports combination therapy optimization, where it evaluates potential synergistic
drug combinations. This is particularly important in AML, where multi agent regimens are often
required to achieve durable remission, but balancing efficacy with toxicity remains challenging.
Overall, Al is gradually shifting AML treatment decision making from protocol-based
approaches toward more adaptive, data driven strategies, although its clinical integration is still
evolving.

Al in Monitoring and Relapse Prediction in Acute Myeloid Leukemia

Monitoring disease status after remission is one of the most critical aspects in the
management of Acute Myeloid Leukemia, as relapse remains a major cause of treatment failure.
In recent years, artificial intelligence has been explored as an additional tool to improve the
sensitivity and timeliness of post treatment surveillance. A key area of interest is minimal
residual disease (MRD) assessment. Even when patients achieve complete remission, small
populations of leukemic cells may persist at levels below conventional detection methods. Al
based models can analyze flow cytometry patterns, molecular marker trends, and sequencing
data to detect subtle signals of residual disease that may not be easily recognized through routine
evaluation. ®This improves the ability to identify patients who are at higher risk of relapse.

Machine learning algorithms can integrate longitudinal clinical data, including blood counts,
molecular markers, and treatment response patterns, to identify early warning signs of disease
recurrence. These predictive models may provide a time advantage, allowing clinicians to
modify treatment strategies before its relapse occurs.!® Al is also contributing to the
development of continuous patient monitoring systems. Instead of relying solely on periodic
hospital visits, these systems can analyze real-time or regularly updated patient data to track
disease dynamics. Such an approach supports more proactive decision-making and closer
surveillance of high risk individuals.

These developments suggest that Al may shift AML follow-up care from reactive
monitoring to a more predictive and preventive model, although clinical validation in large
prospective studies is still required.

Al in Hematopoietic Stem Cell Transplantation in Acute Myeloid Leukemia

Allogeneic hematopoietic stem cell transplantation remains one of the most important
curative options for patients with intermediate and high risk Acute Myeloid Leukemia. However,
selecting appropriate candidates, identifying suitable donors, and predicting post-transplant
outcomes are complex clinical decisions. In this setting, artificial intelligence is increasingly
being explored as a supportive tool to improve accuracy and personalization. One important
application is patient selection.! Not all patients derive equal benefit from transplantation, and
outcomes depend on age, comorbidities, disease biology, and remission status. Machine learning
models can integrate these variables to estimate transplant benefit versus risk more precisely than
conventional scoring systems alone. This helps clinicians identify patients who are most likely to
achieve long-term survival with transplantation. Another key area is donor matching. Traditional
matching relies on human leukocyte antigen (HLA) compatibility, but outcomes are also
influenced by factors such as donor age, sex mismatch, and cytomegalovirus status. Al-based
algorithms can process multiple donor and recipient variables simultaneously, improving the
selection of optimal donor matches beyond basic HLA compatibility.

294




ISSN NUMBER: 2692 - 5206 Volume 6. No 05. MAY ,2026

By analyzing large transplant registries, machine learning models can identify patterns
associated with post transplant complications and help in early risk identification. This allows
clinicians to adjust conditioning regimens or immunosuppressive strategies more effectively.
Conclude that Al does not replace clinical judgment in transplantation but serves as an adjunct
that enhances decision making by integrating complex multidimensional data.

Future Perspectives of Artificial Intelligence in Acute Myeloid Leukemia

The role of artificial intelligence in the management of Acute Myeloid Leukemia is still
evolving, but current evidence suggests a gradual shift toward more integrated and personalized
systems of care. Although most Al applications remain in the research or early clinical
implementation phase, several important directions are likely to shape future practice.

One major development is the integration of Al into routine hematology practice. In the
future, Its tools may become part of everyday clinical workflows, assisting physicians in
interpreting diagnostic reports, predicting outcomes, and supporting treatment decisions in real
time. Rather than functioning as separate systems, these tools are expected to be embedded
within hospital information systems and electronic medical records. AML is driven by complex
interactions between genomic, transcriptomic, and epigenetic alterations. Combining these data
layers with continuously updated clinical information may allow Al systems to generate a more
dynamic understanding of disease behavior. This could improve both prognostic accuracy and
treatment adaptation over time.The concept of fully personalized therapy models is also gaining
attention. Instead of relying solely on population based treatment protocols, In future, it may help
design individualized treatment strategies based on each patient’s molecular profile,
comorbidities, and predicted drug response. This approach aligns closely with the principles of
precision medicine.

Al assisted clinical decision platforms are expected to play a larger role in supporting
physicians at the bedside. These platforms could synthesize large volumes of data and present
actionable recommendations, while still allowing clinicians to retain final decision making
authority. In General, these developments suggest a gradual transition from conventional
guideline based care toward more adaptive, data driven management of AML, although careful
validation and ethical oversight will remain essential.

Conclusion

The management of Acute Myeloid Leukemia has traditionally relied on risk adapted
chemotherapy, supportive care, and hematopoietic stem cell transplantation. While these
approaches have improved outcomes in selected groups of patients, overall survival remains
limited due to disease heterogeneity, frequent relapse, and therapy related toxicity. In this
context, artificial intelligence is gradually emerging as an important adjunct in modern
hematology, offering new ways to interpret complex clinical and biological data.!3Across
different stages of care, Al has demonstrated potential utility. In diagnosis, it assists in improving
the interpretation of bone marrow morphology and immunophenotypic patterns. In
prognostication, machine learning models integrate clinical variables with molecular alterations
such as FLT3, NPM1, and TP53 to refine risk stratification beyond conventional scoring systems.
In treatment planning, Al based tools are being explored to guide the selection of targeted
therapies and predict individual drug responses, supporting a shift toward more personalized
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treatment strategies. This evolving role of Al aligns closely with the principles of precision
medicine, where therapeutic decisions are tailored to the unique biological and clinical profile of
each patient. (?Rather than replacing clinicians, Al functions as a decision support system that
enhances clinical judgment by integrating large scale datasets that would otherwise be difficult to
analyze in routine practice. Despite these promising developments, the integration of Al into
everyday clinical care for AML remains limited. Issues such as variability in data quality, lack of
external validation across diverse populations, and the “black box™ nature of many algorithms
continue to restrict widespread adoption. Moreover, ethical considerations, data privacy, and the
need for regulatory frameworks must be addressed before these tools can be fully incorporated
into standard care. Therefore, while artificial intelligence represents a significant step forward in
the evolution of AML management, its current role should be viewed as complementary rather
than definitive. Future progress will depend on robust clinical validation studies,
interdisciplinary collaboration between clinicians and data scientists, and the development of
transparent, interpretable models that can be safely integrated into clinical workflows.
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